In this work we present the fabrication and testing of a thermally actuated one-shot liquid dispenser, which actuation is based on highly expandable microspheres. We show an uncomplicated, fully functional, low cost device for use in medical disposables, e.g. transdermal systems based on microneedles. All device components are made out of low cost materials and fabrication processes have the potential for high volume batch manufacturing. The device utilizes the properties of the expandable microspheres to form a heat insulating layer to the delivered liquid. Moreover, it does not require any feed-back or complicated flow metering.
INTRODUCTION
There is a growing need for actuation means in the field of disposable medical systems. Intradermal injections, specifically, form a field of application that requires the actuation of liquid through the skin. Such applications range from treatment of dermatological diseases, e.g. localized chemotherapy, to vaccinations with macromolecular vaccines through the skin. To reduce costs and to avoid incorrect dosing it is important to precisely control the amount of drug delivered. Furthermore, it is favorable if drug delivery systems are easy operable and low cost, making disposable devices desirable.
Several groups have made liquid displacing actuators especially intended for medical drug delivery systems [ in microfabrication where we show head expansion in a microchannel [SI and a novel solid compound by incorporating beads in PDMS [9] . When heated, the polymer shell of the gas filled microspheres softens and the volume increases up to 60 times its original volume ( fig. 2 ).
DESIGN
In this work we present a thermally actuated liquid dispenser intended for use in conjunction with microneedles and transdermal drug delivery systems. The dispenser is designed for one-shot usage and made to meet requirements of disposable drug delivery system. Hence, all device components are made out of low cost materials and adapted for processes with the potential for high volume hatch fabrication. The dispensing actuator uses highly expandable microspheres (Expancel' Microspheres) for its actuation. The device presented in this work utilizes the thermodynamical properties of the expandable microspheres to form a heat insulating layer towards the delivered liquid and thereby preventing extensive heating of the liquid.
The principle of operation is shown in figure 1 ; a small portion of an expandable paste containing Expancel' microspheres and Glycerin is heated from one side. When the paste reaches a temperature of 70 "C it gradually expands into the liquid container. The liquid, separated from the paste by a thin elastic membrane, is pushed out as the expanded paste fills the whole container. Since volume expansion of the paste is manyfold, the heat conduction in the paste gradually drops to a considerably lower level, preventing the dispensed liquid from extensive heating. This protects possible temperature 0-7803-8265-X/04/$17.00 02004 IEEE. sensitive liquids such as drugs. The expansion is irreversible and therefore no back-flow occurs, hence valve structures are not needed.
FABRICATION
The structure ( fig. 3) assembled device in water and applying vacuum. The properties of expandable microspheres mixed in a liquid have been studied and measurements show that the pretreatment of the microsphere solution has a significant influence on the expansion level [IO] . For microsphere/DIwater solutions it was found that an outgassed solution treated with ultrasound gives the largest expansion, see figure 4 , This study also showed that a moderate concentration (0.3 g/ml) of expandable microspheres gives just as good or even slightly better expansion than a highly concentrated solution.
However, thermodynamical effects were not addressed in this study.
In this work the expandable paste is made by mixing Expancel 82ODU microspheres and Glycerin. Glycerin is chosen as the microsphere intermediate and mixing agent because it is a fairly good heat conductor and it has a high boiling point, which prevents evaporation. A concentration of Expancel microspheres of 0.7 g/ml Glycerin is used to create a sufficiently moisturized, and heat conducting, paste with a suitable consistency for screen printing. The paste is outgassed for 10 min. in vacuum and treated with ultrasound for 15 min.
EXPERIMENTAL
The device was tested with respect to precision in liquid delivery and maximum temperature of the liquid during actuation. Precision was measured by connecting a fully assembled device to glass capillary. Interconnecting silicone tubings and part of the glass capillary were filled with water. As the liquid dispenser was actuated the displacement of the water meniscus in the capillary was measured with a read off error of approximately 0.39 yl.
In order to evaluate the effectiveness of the expanding material as an active heat insulator and monitor the beat dissipation to the liquid a temperature sensor was placed inside the liquid container. A small SMD NTC-thermistor (Mitsubishi TN10) was used to locally measure the temperature in the center of the structure at the liquid-membrane interface where the highest temperature occurs. 
RESULTS AND DISCUSSION
Precision measurements were conducted by applying a mean power of 1 W during 150 s to the PCB-heater of the device. to believe that these effects can be reduced by automated assembly.
The temperature in the liquid container during actuation was measured under the same heating condition as described above. The temperature profile throughout the actuation is shown in figure 6 . The measurement shows that during a short amount of time the temperature peaks at 59 OC. From figure 6 it can clearly be seen that after approximately 70 s the temperature rise decreases. This corresponds to the moment that the expandable paste starts to expand (i.e. when the paste is heated to 70 "C, starting from room temperature). As the expansion continues the expanding material becomes an efficient heat insulator. This results in temperature decrease in the liquid, although the device is still being actuated and heated. Note that the actual dispensing only takes place when the paste is expanding, i.e. during the last 80 s. This means that controlling the power distribution in time can substantially reduce the dispensing time.
Photographs of the different states of the actuator are shown in figure 7a-h. Figure 7c shows the expanded paste when no geometry constraining liquid container was used, demonstrating the potential of the expandable microspheres.
CONCLUSIONS AND OUTLOOK
We introduced a thermally actuated one-shot liquid dispenser made of low cost materials and adapted for inexpensive batch fabrication.
The device was successfully tested showing a mean dispensed liquid of 101 p1 with a relative standard deviation of 3.2% and with a maximum temperature of 59 O C in the liquid, No back-flow was observed during the evaluation of the device.
Variation in the measurements is believed to mainly origin from the manual assembly of the device and improvement through batch fabrication is likely. Moreover, it was measured that pretreatment of the expandable microspheres has a large influence on the amount of energy needed for actuation. The properties of the expandable microspheres can be tuned to decrease expansion temperature. The present design leaves enough room for improvements to increase delivery pre-cision, to reduce required actuation energy, to interface it to microneedle chips, and to adapt the device to thermal requirements of liquids (e.g. drugs).
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